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Spatial 
By detection of spatial offsets is meant the ability to indicate whether or not a given (vernier) stimulus 
has a spatial offset. Discrimination, on the other hand, implies that the direction of offset has been 
correctly identified. We compared vernier thresholds for these two tasks and found a consistent 
difference by a factor of around 2 in favour of discrimination. This is to say that observers are able 
to correctly indicate the direction of offsets that are too small to be reliably detected by the same 
observers. This apparent paradox can be explained on the assumptions that one single, bipolar 
mechanism is involved in both tasks, and that observers use a direction selective cue such as the 
orientation difference of the implicit lines through the vernier stimuli. The implications for estimates 
of the sensitivity of hyperacuity are discussed. 
Hyperacuity Vernier acuity Statistics Threshold estimate 
INTRODUCTION 
Perceiving the direction of a small spatial (vernier) offset 
between two lines is one of a range of tasks which have 
been called hyperacuity tasks by Westheimer (1976), on 
the grounds that performance in them is better than 
implied by the diameter or spacing of photoreceptors. 
Although vernier acuity has been extensively studied 
(Westheimer & McKee, 1977: Levi & Klein, 1989; for a 
recent review, see Morgan, 1991), there is still no agree- 
ment about the nature of the underlying mechanisms. It 
has been suggested that vernier acuity depends on a 
bipolar mechanism (see Klein, 1985) such as the orien- 
tation of a virtual line through the stimulus (Sullivan, 
Oatley & Sutherland, 1972), i.e. on a mechanism gen- 
uinely discriminating between offset o the right vs to the 
left. If thresholds in vernier acuity were determined and 
limited by a bipolar mechanism, detection of an offset 
(deviation from straightness) should be more difficult 
than discrimination between offset to the right vs to the 
left. In some perceptual tasks, thresholds eem indeed 
determined by a bipolar mechanism. For example, dis- 
crimination between the directions of displacement of a 
dot relative to the centre of a circle is better than their 
detection (Allik, Dzhafarov & Rauk, 1982). On the other 
hand, there is not much difference between thresholds 
for detecting motion and discriminating between differ- 
ent directions of motion (Levi, Klein & Aitsebaomo, 
1984; cf. also Derrington & Henning, 1993), or between 
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contrast thresholds for detecting the presence of the 
second harmonic of a ramp grating and discriminating 
its phase relationship to the fundamental (Pass & Levi, 
1982). 
The present study asks whether vernier thresholds are 
determined by another mechanism, which on its own 
would not permit a solution of the direction of offset 
problem, namely a monopolar mechanism. A monopolar 
mechanism would detect "collinearity failure", the lat- 
eral displacement between the two segments of the 
vernier without indicating direction of offset such as the 
unsigned orthoaxial area that is thought to mediate 
vernier detection (Andrews, Butcher & Buckley, 1973; 
Watt & Morgan, 1983; Watt, Morgan & Ward, 1983). 
That is, the mechanism would signal the presence of an 
offset but not whether the lower line lay to the left or 
right of the upper line. Good computational reasons can 
be suggested for such a mechanism that detects collinear- 
ity. For example, Lowe (1987) proposed collinearity as 
a probable non-accidental property of images: that is, 
collinearity between two lines in an image is unlikely to 
arise from a chance relationship between the scene and 
the eye, and so is a useful image feature to compare with 
a stored model of an object. 
Recent evidence from work on visual search, in which 
reaction times were measured for detection of a vernier 
target embedded in an array of straight lines, suggests 
that such a mechanism ight exist (Fahle, 1991). When 
subjects had to detect the presence of a vernier target 
with an offset, reaction times were similar whatever the 
number of straight distractor lines. But when the target 
had an offset in one direction, and the distractors had 
offsets in the other direction, reaction times rose with 
number of distractors. This pattern of results could be 
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explained by two mechanisms, one replicated through- 
out the visual field which detects departures from 
collinearity (but not the direction of the departure). This 
first mechanism would operate in parallel during a visual 
search task, and so the speed of detection of an offset 
would be independent of the number of targets. A 
second kind of mechanism ight detect he presence of 
a vernier offset and its direction in the same operation. 
However, the mechanism would not be part of a parallel 
system but operate serially on vernier targets in different 
regions of the display, so that time to discriminate the 
direction of an offset would rise with the number of 
distractors. Additional evidence for the existence of a 
collinearity detector is supplied by the fact that collinear- 
ity failure also "pops out" in appropriate stimuli (Wolfe, 
Yee & Friedman-Hill, 1992). Moreover, Steinman, Levi, 
Klein and Manny (1985) have shown that visual evoked 
potentials can be produced by the appearance and 
disappearance of a vernier break while presentation of 
other equally salient hyperacuity-features such as rela- 
tive motion or bisection fails to evoke cortical potentials. 
These results can be taken as evidence for the existence 
of neurones in the human visual cortex that detect a 
break in collinearity, indicating a special role of this 
visual property. 
One way to discriminate between a monopolar and a 
bipolar mechanism is to compare performance on a task 
in which only the presence of a spatial offset has to be 
detected with that on a task in which the direction of the 
offset has to be discriminated. A "signed offset" detector 
could mediate performance in both tasks, whereas a 
collinearity failure detector could mediate performance 
only in the first task. In a number of perceptual tasks, 
detection of a stimulus attribute (which could be medi- 
ated by a monopolar mechanism) is better than discrimi- 
nation of the value of that attribute (which requires a 
bipolar mechanism). That is the case for the detection of 
change in luminance (Krauskopf, 1980). Levi and Klein 
(1983) report evidence for it in spatial interval bisection 
in amblyopic vision, and seem to imply that it holds in 
normal vision, also. In vernier acuity tasks, a monopolar 
mechanism is usually tacitly implied when a threshold is 
measured, since this is usually taken to be the size of the 
offset for one of the two stimuli in a discrimination task 
(cf. e.g. Westheimer & McKee, 1977; Levi & Klein, 1989; 
Morgan & Watt, 1984; Fahle & Poggio, 1981), even 
though the absence of a "knee" in the psychometric 
function around zero offset would argue for the existence 
of a bipolar mechanism. 
To test whether vernier acuity is limited by a mono- 
polar or bipolar mechanism, we compared: 
(A) thresholds for a standard vernier acuity task (is 
the lower line to the left or right of the upper line?); 
(B) thresholds for detecting collinearity of two lines 
(is this line straight, or does it have an offset at its 
mid-point?). 
The required iscriminations are shown schematically 
in Fig. 1. If the visual system contains a mechanism 
which detects collinearity failure, thresholds in the task 
indicated in Fig. l(d) are likely to be mediated by it, 
provided that its resolution is higher than or equal to the 
mechanism which mediates the perception of direction 
of offset. On the other hand, if the resolution of the 
collinearity failure detectors is worse than the signed 
offset detectors, then the subject could rely on the latter 
in performing the collinearity test [Fig. l(d)], as well as 
the direction-of-offset task [Fig. l(c)]. 
METHOD 
Apparatus 
The stimuli were presented on a Tektronix 608 moni- 
tor with a green P31 phosphor. Stimuli were produced 
by an Atari 1040 ST computer, via a custom-built 
interface with 16-bit, fast (> 130 kHz) A-D converters. 
The subject sat at a viewing distance of 250 cm from the 
screen, which was always binocularly viewed, with head 
position stabilised by a chin-rest and brow-bar. The 
luminance of the stimulus lines was about 250 cd/m 2. 
Since line width was 0.5 mm, this gives a linear lumi- 
nance of 0.13 cd/m. The luminance of the remainder of 
the screen was around 0.05 cd/m 2. 
Stimuli 
The stimuli are most easily thought of as a pair of 
vertical ines, one above the other. The lines were 50 min 
arc in length with no vertical gap between them, and 
were presented for either 300 or 1000msec. In one 
presentation condition, single vernier stimuli were pre- 
sented sequentially at the fovea, while in the other 
presentation condition, two stimuli appeared simul- 
taneously on the screen, one 0.4 deg to the left of the 
centre of the screen, the other 0.4 deg to the right. 
Since one possible cue in vernier tasks is the difference 
of the orientation of an implicit line drawn through the 
stimuli (which might be compared with subjective verti- 
cal), all conditions were run twice, once with the stimuli 
always vertical, and once with orientation varied at 
random between successive presentations by up to 
30 deg clockwise or counterclockwise from vertical in 
steps of 10 deg. 
Procedure 
We used a method of separate runs with a two- 
alternative forced-choice procedure, rather than a 
double-judgment procedure (Klein, 1985). Within a 
single experimental b ock of stimulus presentations, the 
size of the offsets was always the same, though it varied 
between blocks (method of constant stimuli). When the 
task is to discriminate between a straight and an offset 
vernier, this procedure avoids the problem of a variable 
criterion that arises when offsets of different size are 
interdigitated in the same block, as is usual with pro- 
cedures which measure thresholds. Whereas the criterion 
to respond "yes, the stimulus was offset" can be chosen 
to be relatively strict if one knows that the offset is 
always large, the criterion will be quite different if the 
offset is close to threshold. Each observer was tested with 
three or four different offsets in each condition. The 
DETECTION AND DISCRIMINATION OF SPATIAL OFFSETS 53 
range of  lateral offsets, which were constant within a 
block of  100 presentations, was selected to bracket the 
75% correct discrimination threshold. Threshold was 
estimated from all the data gathered from the percent- 
ages of  correct responses obtained in separate exper- 
imental runs with probit analysis (Finney, 1962), using 
half the spatial offset between the stimuli leading to 25% 
and 75% "right button" responses, as is customary. 
Auditory feedback indicated the incorrectness of  re- 
sponses. Further control experiments, using an adaptive 
method of threshold estimation (PEST) (Taylor & 
Creelman, 1967) yielded very similar results. 
In the simultaneous presentation conditions con- 
cerned with detection of  the direction of  offset (the 
Left/Right task), one stimulus (randomly positioned on 
the left or right of  the screen) contained an offset to the 
left, the other an offset to the right. Subjects had to 
report which of  the two stimuli was offset to the right. 
In the collinearity detection task, one stimulus (ran- 
domly positioned on the left or right of  the screen) 
contained an offset which was always to the right, 
whereas the other stimulus was collinear, and the sub- 
jects had to decide on which side the offset stimulus 
appeared. In these conditions, fixation was not con- 
strained, so that subjects were able to foveate the stimuli 
successively. In the sequential presentation conditions, 
single stimuli had either an offset to the right or to the 
left (Left/Right task), or an offset to the right vs no offset 
(Yes/No task). 
The experiments with a particular stimulus configur- 
ation for both response regimes (right vs left and offset 
present vs no offset) were performed in close temporal 
proximity, and often in immediate succession. 
Subjects 
Four subjects took part in the experiments. They had 
normal, or corrected to normal, vision, and were all 
experienced in hyperacuity tasks. Observers MF  and JH 
were aware of  the hypotheses under test, whereas AH 
and HW were naive. 
RESULTS 
Simultaneous presentation 
The results for simultaneous presentation of  the stim- 
uli are shown in Fig. l(a). Although the differences in the 
size of  the thresholds in these conditions between fixed 
[Fig. l(a~)] and variable stimulus orientation [Fig. l(a2) ]
are relatively small, they suggest hat a constant orien- 
tation of  the stimulus provides a useful cue in the tasks 
used here [as found for direction of  offset discrimination 
by Watt and Campbell (1985)], 
Thresholds were consistently higher for the Yes/No 
than for the Right/Left task. The mean ratios between 
the thresholds, for the 0.3 and 1.0 sec durations, respect- 
ively, were 2.25 (+_0.18) and 1.81 (_+0.22) for the case 
where the stimuli were always vertical [Fig. 2(a0], and 
1.91 (+0.27) and 1.61 (_+0.11) for the case where 
stimulus orientation varied around vertical [Fig. 2(a2) ]. 
Sequential presentation 
As in the first set of  experiments, performance was 
better on both tasks when the orientation was always 
vertical, rather than varying randomly at or around 
vertical from presentation to presentation. 
Results for the Left/Right discrimination were again 
clearly better than for the detection of  offset under all 
conditions [see Fig. l(b)]. The mean ratios between the 
thresholds obtained under both conditions for the 0.3 
and 1.0sec durations were, respectively, 1.78 (+0.14) 
and 1.83 (+_0.1) for the fixed vertical orientation [Fig. 
2(bl)] and 1.91 (+0.12) and 2.09 (_+0.3) for the variable 
orientation around vertical [Fig. 2(b2)]. 
DISCUSSION 
As outlined in the introduction, the relationship 
between detection vs discrimination of  visual stimuli has 
been investigated in a number of  experiments, with 
varying results. Detection might be easier than dis- 
crimination, both tasks might yield similar results, or 
discrimination might be easier than detection. All these 
possible relationships may be found in the literature. The 
data of  Allik et al. (1982), from studies of  the position 
of  a dot in relation to the mid-point of  a circle, yield a 
detection threshold/discrimination threshold ratio of  
around 1.25. The ratio between thresholds for detecting 
and discriminating spatial frequency can be estimated 
from the studies of  Olzak (1985), Thomas (1985) and 
Olzak and Thomas (1981), on pairs of gratings. For 
example, in the latter study, in which the spatial frequen- 
cies differed by a factor of  2 or more, the ratio was found 
FIGURE 1 (overleaf). (a,b) Thresholds obtained with the method of constant stimuli, in two tasks. (a) Simultaneous 
two-alternative forced-choice procedure, inwhich two vernier stimuli were presented simultaneously for 300 msec or 1 sec, one 
0.4 deg to the left and the other 0.4 deg to the fight of a fixation point. In all conditions, one vernier, randomly allocated on 
each presentation to the left or right of the screen, had an offset o the right. In the Yes/No (Y/N) conditions (in which the 
task was to indicate on which side the offset vernier was presented), the other vernier had no offset. In the Right/Left (R/L) 
conditions (in which the task was to indicate which vernier was offset o the right), the other vernier was offset o the left. 
(a 0 Results for vertically oriented stimuli; (aJ results for stimuli with randomly chosen orientations, at and around vertical. 
Data are shown for four observers, together with means. (b) Sequential presentation, with a response to each individual vernier 
stimulus. (bl) Constant vertical orientation of the stimulus; (bj variable stimulus orientation. Results of four observers (together 
with means) for the tasks of discriminating between the direction of offset (R/L) vs the detection of offset (present/not present: 
Y/N). (c,d) Examples of the stimulus configurations used in the present study, with implicit orientation information; (c) 
discrimination between a vernier, offset o the right or to the left by a; (d) discrimination between a straight line and a vernier 
target, offset by (a). The difference between implicit lines through both these target pairs differs by roughly the same angle. 
Note that this orientation discrimination-based example is illustrative only. Other mechanisms may be involved (see text). 
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FIGURE 1. Caption on p. 53. 
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FIGURE 2 Ratios of thresholds for the Right/Left vs Yes/No tasks for both simultaneous (a), and sequential (b) presentation 
of the stimuli, for both presentation durations, and for vertical (at, b~) or variable (a 2, b2) stimulus orientation. "Mean" indicates 
the ratio between the results of all observers, "ratio mean" indicates the mean of the ratios between the two tasks, averaged 
over observers. 
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to be around 1 for certain pairs of frequencies and 
slightly above 1 (better discrimination) for other pairs of 
frequencies. In the experiments of Levi et al. (1984) on 
displacement thresholds, the ratio averaged around 0.8 
(i.e. subjects could detect hat an object had moved at 
smaller displacements han needed to identify the direc- 
tion of displacement). Derrington and Henning (1993) 
found detection thresholds to be very similar to those for 
direction-of-motion discrimination with either colour 
and luminance gratings (cf. also Mullen & Boulton, 
1992; Cavanagh & Anstis, 1991), while the ratio was 3 
or more (discrimination worse than detection) under 
conditions of isoluminance (Lindsey & Teller, 1990). In 
none of these experiments was a ratio between detection 
and discrimination thresholds close to 2 found. This 
might indicate that vernier detection/discrimination is a 
somewhat special case. Moreover, it should be noted 
that only part of these studies apply to the problem 
investigated here, since detection of gratings vs discrimi- 
nation of their spatial frequencies are judgments along 
different dimensions, whereas the tasks of detecting and 
discriminating spatial offsets used here are very similar 
indeed. The data by Ailik et al. (1982) are the ones most 
related to our study but the two studies are not directly 
comparable, since the zero point in their task (midpoint 
of a circle) was less easily detected than in ours, as is 
evident from the higher thresholds obtained in their task 
(up to a factor of 50 worse than the best performance in
our experiment). 
Our results are in good agreement with those of 
Geisler and McFadden (personal communication), 
briefly reported by Geisler (1989), from a very similar 
task. The mean ratio between the thresholds in the 
Yes/No and Left/Right ratio was very close to 2 for all 
our conditions, whether presentation was sequential or 
simultaneous, and whether for 300 or 1000msec (see 
Fig. 2). 
Our data can be explained with two assumptions: (1) 
that, if (monopolar) detectors for the presence but not 
the direction of an offset exist, their resolution is worse, 
in the conditions which we tested, than those detecting 
the direction of an offset; and (2) that there is a minimum 
difference between two stimuli which an observer can 
detect. The exact nature of the difference is uncertain, 
since the nature of the mechanisms underlying vernier 
acuity is uncertain, but might include a difference of 
orientation of virtual lines through two vernier stimuli, 
as well as a true difference of two spatial offsets (cf. e.g. 
Wilson, 1986). 
The "signed offset detector" hypothesis gives a 
good account of our data. The relationship between 
the collinearity and vernier thresholds is what would 
be expected if performance in both tasks were 
mediated solely by such detectors. Although there is 
evidence for "collinearity failure" detectors from visual 
search tasks (Fahle, 1991; Wolfe et al., 1992), our 
data suggest that they were not being used in the 
present collinearity tasks. A likely reason is that their 
spatial resolution is worse than that of the signed offset 
detectors. 
One apparently plausible explanation for our data is 
that observers actually attend to a difference in orien- 
tation between the axis of the vernier segments and an 
implicit regression line drawn through the vernier stimu- 
lus, or between this regression line and the subjective 
vertical (see, e.g. Sullivan et al., 1972). The implicit 
orientation of a vernier offset to the right differs from 
its partner vernier, offset to the left, by twice the 
angle between the same vernier and a straight line [cf. 
Fig. l(c, d)]. We found a robust difference between the 
thresholds in the two tasks that was around a factor of 
2 under most conditions. (When the orientation of the 
virtual line is close to that of the vernier segments, the 
difference in orientation varies almost linearly with 
offset.) Our finding that stimulus orientation is import- 
ant in the task suggests that subjects refer the implicit 
line not only to the orientation of the lines themselves 
but also to subjective vertical. Randomization of stimu- 
lus orientation, so that it no longer coincides with 
subjective vertical on most presentations, makes this an 
unreliable cue and degrades performance (cf. Watt & 
Campbell, 1985). Our results clearly demonstrate that 
the hypothetical detector for collinearity failure must 
have a lower sensitivity in the fovea than the orientation- 
specific mechanisms that detect not only the presence of 
a bend in a line but also its direction. This lower 
sensitivity of the detector might be one of the reasons 
why hyperacuity thresholds are typically higher by a 
factor of 2-3 in tasks that require the simultaneous 
detection of collinearity failure than for other vernier 
detection tasks that require the discrimination between 
left vs right offsets (Fahle, 1991). Thus, in normal 
pre-attentive vision, ~'collinearity failures" may be de- 
tected independently in parallel throughout he visual 
field by relatively low resolution monopolar mechan- 
isms. Successive attentive scrutiny of these collinearity 
failures, however, involves higher resolution bipolar 
mechanisms. 
A possible model for the results of this study is 
sketched in Fig. 3. We suppose that each stimulus 
activates in a graded manner a range of "bipolar offset 
detectors" whose outputs carry a sign (i.e. give direction 
as well as amount of offset). The internal effects of the 
two stimuli are represented by, for example, Gaussian 
distributions, and discrimination is supposed to occur 
when the difference between the peaks of the distri- 
butions exceeds ome criterion amount. Thus the differ- 
ence between two stimuli necessary for discrimination is
constant, whether this involves two offsets in opposite 
directions, or one offset compared with a straight line. In 
this respect, there is nothing special about a straight line 
as compared to an offset line. 
A general conclusion for most hyperacuity exper- 
iments is that it may not be appropriate to define 
sensitivity as the reciprocal of the offset of a vernier 
target that is correctly identified in sequential presenta- 
tions as "right" or "left" with a probability of 75% or 
83% in a two-alternative forced-choice task, at least if 
this sensitivity is contrasted with two-point resolution 
thresholds. A more precise measure of sensitivity would 
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FIGURE 3. Schematic Gaussian distribution of positional information in vernier stimuli with a lateral offset a, that might 
be used for solving the task in (a) the discrimination experiment (Right vs Left offset); (b) in the detection experiment (offset 
vs no offset). The larger the overlap of the curves, the larger the probability of an incorrect response. 
come from comparing an offset vernier stimulus with a 
straight line. In other words, the values usually given in 
the literature for hyperacuity performance may be too 
low by a factor of 2, especially if contrasted to ordinary 
visual resolution, which might best be done by compar- 
ing thresholds for, say, d '= 1. 
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